I. INTRODUCTION
A prototype for bimolecular collision processes is theH 2 + D2 system which, at suitable values of energy, is capable of undergoing elastic, inelastic and reactive collisions. Although there has been considerable effort directed toward understanding the low energy collision 1-6 dynamics of the H4 system, considerably less attention has been devoted . 7-10 to the investigation of the reactive characteristics of this surface. 9 10 Our own previous work' has been concerned with the investigation of reactivity and energy transfer in two different energy regimes, each with a different potential energy surface, using quasiclassical dynami.cs. The 9 first study was undertaken to investigate energy transfer characteristics and reactivity via double exchange: H2 + D2 ~ 2HD, at a total system energy of·159 m hartree. The potential energy surface utilized for this study was a London type (LEPS) surface which includes two-atom effects and neglects overlap integrals. This London surface has an anomalously low barrier to doul::!1e exchargesince it lies l:elow the 174m hartree dissociation energy of H 2 •
The second studylO used a surface constructed in the valence bond model with a semi-empirical evaluation of all integrals, including many-atom contributions. This model potential energy surface had strong repulsive 11-18 characteristics and, in agreement with ab .initioresuts, had energy barriers to chemical exchange which were greater than the energy required to dissociate a single hydrogen molecule. The total system energy employed in this study was 240 m hartree which permitted the possibility of chemical exchange on this surface.
In the present work quasiclassical trajectory calculations for collisions between H2 and D2 are presented using four potential energy surfaces: one of the London type and three constructed within the valence bond model. Relationships between dynamical effects and surface properties are examined.
It is known that dynamical effects are quite dependent on gross qualitative features of the potential energy surface (e.g. presence or absence of a well); however, the extent of the dependence on minor quantitative surface characteristics (e.g. depth of a well) is not well understood and may vary from system to system. Several previous studies concerned with the relationship between dynamics and surface properties have examined rotational and vibrational inelastic collisions. Alexander and 19 Berard investigated the sensitivity of vibrationally inelastic p'rocesses to the fit of an ab initio surface for the He + H2 system. Using a fixed·angle collision model, they found both the magnitude and angular dependence of calculated vibrational transition probabilities critically dependent on the analytic surface and the criterion used to fit the ab initio points.
Near resonant D2 -D2 vibrational energy transfer in a collinear geometry 1 was also investigated by Alexander through a quantum mec.hanical treatment of the dynamics on four,potential energy surfaces. Near resonant v ~ V transition probabilities were quite sensitive to subtle variations in the potential energy surface. Ina parallel study of vibrational energy transfer in the H2 + D2 system, Alexander! also found vibrational transition probabilities extremely sensitive to the choice of interaction potential. 'Alper and Gelb 3 investigated the temperature dependence of the rotational relaxation time of molecular hydrogen in the temperature interval 300 to 1500 K using two surfaces. Calculated relaxation times were quite sensitive to details of the surface'; however, results of the two calculations did not agree quantitatively with experimental values. Ramaswamy et a1. studied low temperature rotational relaxation in H2 + D2 using a variety of potential forms. Calculated relaxation times were quite dependent on the surface type and did not" quantitatively model the results of low temperature sound absorption measurements.
The present work investigates the effect of varying the potential energy surface within a reactive energy regime for the H2 + Di system.
The total system energy employed in these trajectory calculations is maintained at 240 m hartree which is above the H2 dissociation energy, to permit the possibility of chemical exchange. A description of the collision dynamics and a brief description of the four potential en·ergy surfaces is given in Section II. The results of the dynamic·s on the various surfaces are reported in Section III' for both reactive and inelastic non-reactive cases. A discussion of the results and their relationship to surface characteristics and experimental observations follows in Section IV.
II. THE MODEL AND NUMERICAL PROCEDURE

A. Trajectory Calculations
The methods .of quasic1assica1 collision dynamics are used to' study H2 + D2 collisions on four model potential energy surfaces. The conjugate coordinates and momenta, the reduced masses, the coordinate system and the boundary conditions are defined in our previous studies. 9,10
The numerical procedures; namely the use of a fourth-order Runga-Kutta algorithm to solve the equations of motion and the use of a composite generator for random number generation, have also been described previous1y. Atomic units are used throughout these calculations.
A set of trajectories is defined to consist of 300 trajectories, each trajectory having an initial energy configuration identical to the other trajectories in the same set, but different values of Monte Carlo variables governing the initial orientation and phases of the reactants. To facilitate comparison between the various sets and to produce a degree of uniformity in the convergence of the Monte Carlo averaging process from one set to the next, the same collection of Monte Carlo variables is used for each of the various· sets. Hence the random numbers used for; the ~th trajectory of one set are used for the nth trajectory of all other sets.· A constant initial impact parameter of 0.1 bohr was selected for all the trajectories computed.
A given set of trajectories is characterized by a quadruple of numbers:
the initial H2 rotational quantum number, the initial H2 vibrational quantum number, the initial D Z rotational quantum number and the initial D2 vibrational quantum number, and the notation 0H v H jD v D ) is used 2 2 2 2 to identify each particular set. In this study, initial rotational quantum numbers are chosen to be zero. The total system energy for each trajectory set is .24 hartree; how;... ever, the initial distributions of energy between relative translational, rotational, and vibrational energy of the molecules are varied. This high system energy insures a reasonable level of reactivity so that statistically meaningful Monte Carlo averages can be obtained for reaction probabilities with relatively few trajectories.
B. Final Condidons
Since a trajectory can lead to a chemical reaciton, a simple distance criterion is not available as a means of terminating the trajectory. In--stead, each trajectory is integl-ated for a time, t = 800 a.t.u., the two smallest inter-particle distances, r . and r , are identified, and the The procedure for determining which of these reactions has occurred involves the identification of the produ~t species, and has been described 9 10 previously' • After the particular reaction path is identified the characteristics of the energy transfer occurring in both reactive and non-reactive coilisions are examined. The previously described procedure for each reactive path is used to determine the final rotational E j and vibrational E energy for each molecule and the final relative v kinetic energy ~'. to a total of 240 m hartree. The selection of the five trajectory sets is based largely on the results of our previous study. They are the sets which eXhibited a propensity for a particular reaction path, and it is of interest to investigate how surface properties effect the general and specific reactivity and energy transfer.
A summary of results for the various trajectory sets is provided in Table I however neither of these has the low energy path of B. Surface D exhibits behavior that is more similar to A and C than B in the para11e10gram-rhombus geometry.
Contour plots are extremely useful in finding low-energy paths for reaction; ho~ever they usually are constructed only for highly symmetric geometries. Additional low energy paths for double exchange may exist for nonsymmetric geometries for which contour plots would be inconvenient to construct. 
A. Non-Reactive Trajectories
A summary of the characteristics of the non-reactive trajectories is given in Table II . There is little variation in the average barrier <B> when one compares trajectories on the three valence bond surfaces; however <8> 'is less for the collisions on the London surface than for those on the valence bond type surfac.es. The,apparent reason for this effect is that collisions on the valence bond type surfaces are more impulsive resembling hard sphere type interactions since they are steeply repulsive, but in contrast, collisions along the London surface tend to result in greater rotational energy transfer which removes the energy available to convert to potential energy thus resulting in lower <8>.
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The more repulsive nature of the three valence bond type surfaces relative to the London surface is further confirmed through examination of the average scattering angles <X> which are compared for the sets on the four surfaces and liSted in Table II poe can examine the sets 0008, 0204, 0303 and 0500 to ascertain the effect of the initial vibrational energy' distribution between the two molecules. These sets have the same total energy, nearly the same initial kinetic and total vibrational energy, but the vibrational energy is distributed ciifferently between the molecules. There is a variation in the average kinetic energy transferred per collision <6E k > for a given set with respect to the surfaces considered, and for most sets considered, <6E k > is largest for surface D. Generally, more kinetic energy is lost when the initial vibrational energy is distributed between both molecules rather than localized in one.
If one examines rotational energy transfer for all sets, a large variation with respect to surface is noted. For the sets considered, rotational energy transfer is greatest on surface D and least on C. At short distances surface D is the l.east repulsive and surface C is the most repulsive which is consistent with the <X> determined for these surfaces.
Rotational energy gain is likely to occur along the incoming trajectory for the surface with the least repulsive wall, and once the energy is transferred to the r<;>tational degree of freedom, it is no longer available for conversion to potential energy. This is consistent with the low values is less than that observed for the other . Characteristics of the double exchange reaction, case V are summarized in Table V . Reactivity is greatest on surface D and least on C. The reaction probability associated with double exchange on the London surface seems independent of the initial energy distribution whereas reactivity on surfaces A and B is favored when D2 is initially vibrationally excited. Reactivity on surface C is favored when both molecules are vibrationally excited; however the probability for single exchange on surface C is greater than that of double exchange. Reactivity is greatest The average amount of kinetic energy transferred in the reactive double exchange reactions is inversely proportional to double exchange reactivity. The average rotational and vibrational energy entries in Table V repres'ent averages over both product HDmolecules. Vibrational energy transfer to the product molecules is more substantial than rotationalenergy transfer and is greater than it is for single exchange. Moreover, on the valence bond surfaces, H2 tends to dissociate more readily than D2 for nearly equal amounts of initial vibrational energy.
The probability of single 2Xchange 'is least on the London surface.
Little correlation can be found among the single exchange reactions on the valence bond surfaces, which is indicative that single exchange reactions occur via different pathways on these surfaces.
There are similarities among the double exchange reactions that occur on the four surfaces. Vibrational energy trarisfer to the product lID molecules is more substantial than rotational energy transfer and is significantly greater than that associated with the single exchange case.
The scattering angles observed for double exchange are in the range 80 to 100°.
The London surface is the least and surface C is the most repulsive at short distances. The London surface is .the most reactive toward double exchange with the least vibrationally excited. products while surface C is che least reactive toward double exchange with the mostvibrationally excited products. Double exchange product energy distributions are quite similar for A and B •.
;.t,:
Double exchange is most probable on the London 'surface where reaction probabilities greater than 40 percent are obtained, and the reaction probability is quite independent of the initial distribution of the ,energy. Double exchange reaction probabilities vary significantly for collisions on the valence bond type surfaces with double exchange reactivity greatest on B and least on C.
The three :valence bond surfaces differ from one another in both the parameterization and the mathematical form of the triple exchange integrals, J abcd ~hich can be decomposed into triatomic and four center species. Much of the four center behavior at short distances is influenced by the triple exchange integrals, and correspondingly it is not unlikely that differences in these integrals could result in different characteristics for collisions on the three valence bond ·surfaces.
The H2 + D2 exchange reaction has been studied experimentally by -.$ ... 
